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® si) ® iS ^ A XX 'Cl' ^ ^ ^ Hi # R ^ Y'n Jf (cardiac 

resynchronization therapy, CRT) jfiA 

CRT CRT 

mmx, ^CRT fm, 

MPS'A, Axt^tu^PAAhJtefltiil^AiXZfflJ^LijT^Ao 

BPA^A(dyssynchrony) S<]f 

Ail^hJAA CRT MA CRT 

iiE, 




®A'Ci'^SA'Ci'^i)SAStl'Ci'jIli#RAAVnA (cardiac resynchronization 
therapy, CRT) Arnll^Am^A®A CRT A'C' 



X^^^R^(dyssynchrony), 

CRT A 

Wm, StuAAIf^mA^i, HitbAAiRXtStuA^SAfi^ifc^^nMPSM 

^mmmmm^ mmnpw^nmk, 

CRT -dii^AXX-C'^^aS (biventricular 

pacing), a|fei^Al^l/ll|^^i^iMiiE0i3 

imm., m d ^a, crt 

gfrftbitfi^ CRT 

(NYHA) III ^ IV QRS ^^11^X120 CCAA^MifiAm 

(LVEF) A35%6<]^M^C'^fsA fMA^^iJ5 

25%-35%^tx CRT 

AiS CRT aw crt 

HH, fM;t^C'%SQRSiitA;t^C'J®A[^A6^:S#6^tAA, M^^^C'sjiai^fcA 

CRT iSiStiE PROSPECT m% (MXf CRT 6<]Ai^) M. 

"’A 

M^fi^Aijil^PAik^PiRX^^^Afi^nT^WAWM^o prospect 

Wo 

40«#rt, AAW 

BPAAA^AA 



“asynchrony” “dyssynchrony” 

QRs U^X 

QRS glu CRT 

QRsi^iiiitfi^iisA, xxuQRsmmt^mxxmx. 

^Ci'^F*3 (intraventricular) ^ fa] (interventricular) ^ 
(atrioventricular) o 

ma^ihs. mmmwxi'\ ^fsi^gAiE 

X^X^fJSA^JiA. AA^f^A^Ai^A6^JiA(stress)^njvZ^ 
(strain), a-g^fsl^gLl^^-?-, ?l 

* AA^it QRS mnmxmmxmp, g s^^im 

iR»j QRS m’M.m^mmmnPwxnxM^, crt '^'jftfy 

.^#0 tiiTimtt#)5i6<]F)saMJi0i^AifM, 

pm-ix CRTCRTa m% 
CRT '^'jj^^m, 

CRT TtuiRS'J&tlH^o 

PROSPECT m%^m, nr 

-‘^>mmxmmxmPi^miumM^, stir 



*0 


fsJl^ll-jpSiS^Ma (septal-to-posterior wall-motion delay) O lA)o 

mtu 

mt2-. di^m/x^io 

Pm-i: 50-100 «Ht/#o 

/^li 4 : ilj ^ ^ fa] ^g [^ P’3 &tl :S ill ^n Is M &tl :S ill f§] &tl 

H^faJfal^go 


Pitzalis 20 \>Js 

^fsi^gjsSMaAA^^A 130 M:mmxmmx 

mPstmux i5%^ii>i±AWii^iAf®iHe^#6<]i(iit4A 100 %, 63%^^-^^ 

^fsi^gjsMa®^, cRTjsA^i^Mi^fM^®0)^Mo 

mBJt^l^AfflXto Marcus CONTAK-CD Al^T 79 M'^nX, iMM M ® 

it^^Atjfl!i#aTit-MPgt4 iMmm MCRT 
C^XXX^'\kmX^U^X 15%^111±) AAMi^#6^^f0]^gisSlE 
IRffijfio PROSPECTii9FAl!iAi«MAtjf6^i^^fMm^A"“A Hitb, XmWMm 

(tissue Doppler, 

TD) 6<]^hA, 



(color TD) 


o ib)o m 

x^pnp, m m 

(longitudinal TD velocity) 

14 - 16 , 37 - 49 ^ ^mm 


qo^mAo pmiRi 
u^mpinpmmMo 

PW.I: QRS BtJfo 

pm 4: mmimpj'^^^PBmyKpo 

pm 5: mpm^^RPiP^mmmmpi^'^, pir 

(®'^a:t"9o^ma)o 

(time to peak velocity) 

pm 6: mpjimmRpmmmMj§:^^m^mm, m 





8: (LV ejectional interval )o 


unm^m o ^(Rjmpix 

mni: 5:l^:£^Mjfif0]SH, 

mM2: pimmmmwim m 

SXlOrnm M 7X15miii), 

mM2: pmm^, ^ 

E mm^mm a (a 3 ^ps 4)0 

pm 4: iR»JMifD.SHfH]^IM 

iSfg^AJic6<]t#iATo$p^iSM^fH]IMAiiA®lx6<]tWAt^A^^-nrMM 

pm 5: |^lJ»T^A|xWAQRSi^l¥^BAMfeSlJWI^^IM^6<]H^fH]: MP 

mmxspmm, -^i2Ai?go 

IliJM S ili$ili${tH^fH]6tl^#. BPTA4^^#®3i6tlX^{!i!!j^M5E3fi^i (opposing wall 

delay method)o S ili|SlM«S<] 

S ililP^jH^fs]^, AMlil: QRS 

nTlAJI^nTMMAo mA^Alp(3-5 A^C.^gAM)S9P^¥ 



(postsystolic shortening velocity) 

m, ililitnJt^btll^fHJS^ililitH^) ffl±sl]EWJjCSiJ±sl]Elt^aSHfa]6^ 

nkHm'm^xn^xmxiwm crt 
Notabartolo ^6 

no 97 %, 55%o 

mmnmxm. 

(^mm^ ts. tuS) xt§j 

(opposing wall delay) 65 S#, nltilf®ill CRT fill 

m ixmmxmmwM 

15%) "o 65«#6<]:£^^^)^6<RisAltACRTM^)(i 

^fiiUffiS^lflfifHl^g^PMS, Yu^A^AT+n 

(12-segment SD model), MAHA'll'AmiH (0l$^ll'> 
^PA^i^fi) mechanical dyssynchrony 

index) Yu (Yu index), iiilit#:|l^fH]Sg+n1Ym6^lI^&ili|B^f0] 

mmmnm iiii##®jtAi¥^6^i«, x=.xim$mmxxmmx 



15%) 6<]tMt4l00%, ##t4)%78%o X^^QRSl^ 
83%, 86%^^ 

it#:0fWi?glISiiiii|H^fH]6^:S^H^fH]^, X^mm^ 100 cm^m 

PROSPECT 

tt, mxjjmm, ^mmxx, ^"o 

(tissue synchronization imaging, TSI) (S 5)o 

m, mxmm'\mmm'\mm^<^ corcsan mir 

xmrnmm-j^mmMxxmmx es 

«#, rTCA W®A CRT A 

Yu ^-diAfflTsi %mr 56f!).i#, im 

(Ts-SD) (receiver operating 

characteristic curve) Mf/R:Sili. A 0. 9, 

m'immmw.^ o.eoo xMmmmmmmmnmmmmit, mm. 

Hitt, mmmtmxit^ 


(pulsed td) 

^ (s 6)o 

mmimx so sij loo « a/#o xwmp. 



t^mxta^o M^3t*S7it±6<]pg$ij, stu, 

crt ^ 

Penicka 

100 m^xmpxm 

m, iR^iJTPieM$A88 %o 

(longitudinal strain)^ (strain rate) 

(displacement) 

ca ?), 

wmmmmxn, iu 

ATSAXt^o Breithardt 

WMxt^%±mX‘bm.xn^mujx, 

sogaard^AAn, 

t^fPiiwiA CRT EF mifn, Yu 

gfii, mm^nmix^m^iin^mpbmmm, 

AiiS^ (speckling tracking) X®f 

:S o 

(displacement imaging) 

m%^x\mmumm^uxm.\ crt 


(radial strain) 



^f]i^^^5ltl:4fc 38 fiJItA CRT 

Suffoietto 64 WtACRT 6<];)iAo 

^^i-m (S 8) 50 fDfsAHi:^ 8 + 5 AE, »IIM3^S^i+#:6^t§[^4 

(^f0]PgAmi+^»«mf0]AA^^A 130«#). bTI+M:£^ 

89%, #^t+A83%o 

cRimmmx 

nwmm 


^STiS3Ss+Bj|J4tAm4fco ^ZlA5+A>MA. 

Bjl+^ffi+^MA CRT tujH:£^^S3Ss+6<]^^^+oo 
Kapetanakis A&tl+AA^C'MTiSfe5ll^:^^S9A:SA#lR&tlH^ 

fH]^tj[^it##sij 26 mmx CRT !§.^mmAnmm, mmmmx^^m^ 

mifn, s^faj+AJiA^p^^A, h 




20 m 30 mm. 


‘b^ssiyfm^ 

(interventricular mechanical 

delay, IVMD), QRS 

(0 10 ) 

CRT (M'B IVMD ®il 40-50 €A) “o IVMD U 

&M‘\m, A fMj!)lWW CRT 

BaxmAimnm, 59 W crt 21 

(47 + 34 vs 49±29ms, Achilli ^ 

A^mit, 133 SCART 5+^^, 44ms 

CRT IMtA 66 %, 55»Ao Richardson lS 

CARE-HF 50ms At® A CRT isfS AMjHStl^lJ»TW^/l{t “o 

PROSPECT IVMD Ai-A. 

f!)$PltlflltirttlEifi (pre-ejection delay)^ A 

#, A^fH]A[^AAAt^A?AfMWtACRT)(i^o ^2 AStuiimASiA^ASt 
A^A^Ao 

Breithardt ^A®itT-®fflAisAA^A®^+ArtlIAaAffi^+AAStA 

iA“o «'gMAA0l$AA^i®AAiAS, MA+AA^f0]Pg«SSt^AtAAA 

iftte^Tfc APtA^A;^iSiSf^mJiSiE (velocity 

vector imaging)o i^ftAl'Aifiii^^^lJ^AfAPt B (B-mode pixel 

tracking) (S iDo Cannesson ^ 

APt-T|lf®$i^, i^{?^T23fjCRT®A.i#, 



75 mmnmx%r-np, xtw crt ^xiHiii:^ 8±5 x 

##^X80%o 

mm^\>m‘tmmmu-mM\mimnM, m^mxm"’^\ xMt^ 

ii, iaMS^n^«Jijt^S06^^ii CRT ®A;sMH^f0]», t±l±Xt:£^X 
X^niijt^e^#^BSiji^Mt^6<]{1^fflo i^±CRT'^^^# 

^mmmyKx. miracle 

iii¥F^x^®A CRT 141 3-6 ^ 

mx io%i:x±ifyM^, (7%vs 

31%) (2% vs 24%) ^P^C'^A# (12% vs 33%, P<0. 05) 

CRT®ll#7g|LAmt*ij§m«igsi], ^AlsASHA'I^MA-Allilit, ASH 

nJCCaaf^ai^Mt^eS^A^A/JAPAMAA O 12) Breithardt mAM 
fflA^il^lSlSAffilR (proximal isovelocity surface area, PISA) 
®ACRT-M)jHCRT ABACRT A32 + 19ml 

W>3\ 19 + 9ml; hk 25 + 19 mm2 MASlJ 

13±8mm2R -A-AltA?lffiiRA3Sij^AS^M^JI0;^®A CRT jg, M{|lJ|LA 
me^Aij^AliiJP, /AMiiiJP-A»AffiiRo Kanzakl ^Ai^ffllal»«l+J^ 
^ (mechanical strain activation mapping) StlAlAMA) —AHAi^StlMA 
A CRT ®AjH-¥-SHtAij§ILAmta«WS^i^i+HSfp] WA ^R 



Ansalone 

mm^m.i^mmM.K^WL, crt 

fPf4iSA^TMM§JSo Murphy ^A-t!iiIEHj5^iJfflf^fel®?^3ISfeili|H^fH]a^ 
CRT CRT 

®Af4A6^A^, ®Acrt 6 A^iH, ta^ 

%MAf4ASg^^A5EmAffi^-AAm,FJ^asiJ|§A#ffiXtWPg6^i^Mt^ 
im-, CRT 

Suffoletto^^^ft CRT t^AtU, 

#A.i#^Ata«5EmA, 

22 ( 10 + 5 %) 

( 6 + 5 %, p<0.05), S^itM^S^SAA, 

AV 

CRT M, AV AV fH]Sg;tiS 

mm^rn, %f^‘b^mmmi^mm, tn^ av 

mmxm, ‘^mm (- aha^d 

Ai^Ao ^p^AvSgfaJA^, 

SPAM, CRTAA^/|B»S<]gS<]o 

CRT crt 

av 0AsijstfiA±3^^^w- 

Al^rthT^S^AA, M^M^®^A5j]SAAJffiAAaSAA^1?i]'^A{1^, H^fa] 

A^AiiiAW^A&tlHXlo Auricchio ^AAA. AV faJSgX^A'IliJfiLitAjA 

^SAgmAAMAA^S<]^At4t:kAvfB]SgHM^^^ gtti, A^AACrt^AA 
AV Xi^p 100-130 «#, 




QRs«PR av mm, , qrs 150 

«#, AV fsJSg^ PR faJS^H^Pg («#) XO. 50, QRS 150 « 

#, AV PR mmum («#) XO. 70^=0 Sawhney 40 fi] 

cRT^A.i^a^f fajsg^p 

AV fsJSgA 120 lS CRT ®AiH 3 PM , iliUmX NYHA 

w 215 av mmmmnzrnmzp 

AV fgjsg^sij AA (A»jA 120 mma i35 «#) , AV mmmtzrn^ 

itbA, CRT XAvmmmiP, 

aam^aas^ av fajimAo * a 
av \mmm 

150250 ^^^A 013) itfpA.i#-AltA iiilffiA, 

AAV fH]Sg6<]Mi^i^aXtit^A.i#AmA^Io S,mM CRT ®AjH AV 
fM^TAArt^nlf^Ao 

Ritter AV 

Ritter A^PiiMMt:^ifiJffl-AltnifiitE)'tA^f]Mitifi*A-C'^AM, 

A ^^'^^Ritter Siiili^", 

AV fHJSH (50 «#), AV mM (200 ^ 250 «#), 

(Mmm, A^ilEAAVfHjSQoo illMMM^iAf$AA#CRTM$AA^BlA6^A^ 
mm, -^hk AV mm 200 i:x 20 m^mn, msij av fajsgA eo «#, 

ItiHAAJ AV fgjsg, :t#6^ AV fH]Sg^-AltifD.?lMit E i1i|^P a iiilA®. -i. A 
iiilMiMA'ffeS QRS 40-60 AV mm, il'i'M^f 

^nim cmm^) 

A^AA^6<]-AltltBtAaxtAII6^ita(MA^aA-AltA6^l^rtita), 
CAAmikMSiJ-Altfi^lAA; ffl$^^6^j3giis^pfft?iiil; kummmki, i# 

CRT iimmi'iiSnrcCfflAsjjEltnMii^A 



80«#. 100 «#. 120 

140 ^P 160 miP, AV fHJSgisjlElt 

AV mm^ ,^^i^^:tfH], m^S4!>fH]^g 

lOSlJ 15^>Psj]M)Sgo 

stfii^^cRT®Am^f'^MAv 

ca h). 

qrs 

av fgj^g 

a. Bjl^MMiR5iJ-AltPifiiiEiii|^PAiii|;^A^6^o b.-AltPifD-i^ 
Mit A iii|iS>P%a QRS i^tu. 40 «#o 

QRS tuW: CRT e/a mmmmjim i m 

(mt) s^^Ti, M Kediamxmix, 

#, AV "o tm^\pxy‘\mw\mxmn AV mmmi: aiiii 

^mpM E mm a mn^^, a mw±^ 

II m amjEniX) m m m , w\m 

'"'"“o A AV fg] 

Upturn: AV faJS^i^SA^, liiBT^Sjt E ilil^P A ililMi^o a 
A AV faJS^o XtAt/iAfl/ltflA. 3$;^ Ritter 

AV mmmx, mxwkm-mmxmmM. Ma^A^^pg/i3i3i.i#A 

3S^3a^f AV mmiZilo 
^f AV fB]||gg<]ft.4fco 





CRT delays)®^"*®o 

Sogaard ^Af CRT Al¥ V-V mm%^ 20 m CRT 

v-vifc^A (crt^aiii A22+6%, 

CRT ®AjHiiiJPS 30 + 5%, V-V 34 + 6% ,P<0.01)o jit 

^h, Bordachar ^i+Hi^ V-V ilc4fcnTl+4^—V-V 

V-V mm miu, 2 20 mm , as^h^i'h] 

3im/R+A 

StiiWA^0A,^+^i)sABri+/A V-V 

^ QRS 

QRS (If120 «#) 

^Ao CRT|tAAfiJAi^^^C'A^4i.i#,3PAi+ffl®A^C'5A®if 

CRT Bleeker mXM^J 33 f!) NYHA 

^C'lAtb III m IV LVEFA35%. QRS PSAA 120 

fsJMiEAA^^A 65 «#, #Aia«A 
M]ACRT'|^4f ®A A^-J^5+AA,, Yuet^AWAT 51f!lA 

QRSi?^(/+A i20«#)6<]+^A^4|.i#, crtrTI+M 

AA+'^I^^ASH^AR, e^# NYHA +aAt^+^^l, 11^ 6 +HtAlfA-i.iiiP 

LVEF, QRS CRT ^A Beshai m 

QRSi^(/+A 130 «#) 6<]+'A^4i.i#CRT|tA6^®iaiA 
M, RethinQ i+M ^A i^I^5+AA. I^^A^AAAAA^C'AEIS^C'^^CM'h] 

65 «#, M 

+^|)f^fH]^g=jHSL|^^iiiii|HAfH]|ElEAA^A 130 «#, 

96% Af^MIA^^f]6^Al^lfIt6<].i#)l^lIAT CRT, 172 ^Al^#M®ia+^S£ 
ACRTlAt^Bffl^ CRTlAt^Afflo imAMS^A^il-A^CRT jH+'rnilftmiilJP, 
CRT ASAlt^A, CRTe^#TA^i^ABPNYHA+^iAt^M^4fc, 
^IS.i^Ay+MMIf+A 6+HtAlfSg^. MA# 



m, QRS wpg^ 120130 CRT Bjl^Hj^Se^ 

NYHA Rethino 

‘\m, qrs 

cAfswcRT^^w?^. um^m^, >i# 
crt xt^ qrs ur 

^m^^mmx a sitk, crt 

Mtissij, crt i^iiEs^iiiiA 

mn CRT in QRS 

Affiit^^WPg, fM;^iS CARE-HF Uta CRT Al^l^itQRS 120-149 

m^!p,mnxi:ir 3 AimA[^^e^^#A^e<]{£i:MA:AgdiEM«sdHd-fH] 

MifiA 140 «#; IVMD AA 40 «#; ^A^M^I'§JS5EA^^^g^ 'oltb^h, Rethin 
Qi^i^AQRSi?^120 -l29«#A.#Am«A[^Ae^.i#, bTCA^^ACRT^^ ^ 

^''i^ ^ NYHA ^C'^/jIkA^AIro $PA:l|^^AI3Ci.±t#y51M^34^f®;A^C'sj]®if a 
A:^{ 1^MS<]AiM^hY^fC>lTA^Ae^MAAmAo 


(opposing wall delay, ^jllj 

S ililipXti'J^M S ili|fi<]:tA:0tf^^) 

miiA^AAAAXAimMe^M&ili|RdfH]5EiSA65ms, Yu llit( + 


A33mso 



IVMD 


^ fa] ^ 130ms ixmKmm^^nP^ 

CRT, 

fMgtfii^A±axt« 

3\Qmm.Kj^%vcmko m^ta 

ummmm^ crt crt 

Rmmmmxmmn crt 'mmxm^mm.m^-mm, 

Xm^^mmmMim • ^^^(Ashley Prather) 





^1 



MUSTIC 

PATH-CHE 

MIRACLE 

MIRACLE-ICD 


NYHAIII 

NYHAIII-IV 

NYHA III,IV 

NYHA III,IV 


LVEF<35% 

QRS>= 120ms 

LVEF<=35% 

LVEF<=35% 


EDD>60mm 


EDD>=55mm 

EDD>=55mm 


6 


QRS>= 130ms 

QRS>= 130ms 


<450 A 



ICD 3giS;)E 


QRS=150ms 




mm 

58 

40 

453 

369 


QOL, 6 


QOL, NHYAif 

QOL, NHYA if 



QOL> 6 

6 

^,6XltXifK 


fia, 




m%m^: 


M, m, X 

)«W, «, X 

fiw, X 


X 

X 


mm 

"iaffWii 

CRT vs 

CRT vs 

CRT vs 

CRT vs ICD 


CRT^l^t^#J3;f 

CRT^lilgt##, 

cRT^nmMm 

CRT 


mm 


mm 

0 L fn NYHA X 




urn 

m, Xi^n^ ICD 





CONTAK 

COMPANION 

CARE-HF 


NYHA II-IV 

NYHA II-IV 

NYHA II-IV 


LVEF<=35% 

LVEF<=35% 

LVEF<=35% 


QRS>= 120ms 

QRS>= 120ms 

QRS> 150ms gSc 


ICD 


QRS=120-150ms 




Mxmx 

mm 

333 

1520 

819 


^trX, f'Sff 

X0 

XH^trsKXit 




m^, 

±m 

mt: 


SifAi^it 

AW. IWI/l. A 

WWM 

m, rmm 

m. ^mm 


CRT-D vs ICD 

CRT vs CRT-D 

vs 

CRT vs A^a^i 


CRTB^#A^^ 

CRT> CRT-D ^ 

CRT 


W, 


w. m^±mn 


gt# 

CRT-D WWPffS 

mt:m 

t:m 


CRT CRT-D EDD HE -C.' 

ICD LVEE NYHA QOL 

i¥i>; VE MWM-, V02 VT, MMo 


A 2 

#« AS lE'^t^t 





WflflUM®, MW 

mmMR^nmmim 

<50ms 

(12,15.38) 

m (W'AMSSW'-affipg 

WIffe-Kffl) 


^AWHMA, + 


<90ms 

-W (43,47) 

m (W'AMisw'-Kffi. 

M1$ W' ■&! ffi fn W "K 

ffi) 


(14,31,43) 

(AAM)S 

<30ms 


a 65ms 




TAW 

mm‘R; 

5j]#WiS^f^B|p) 

a 100ms 

Wl^MAffiifeA 



Wmi^TMA; w 



WHTAW 


a 33ms 

WKi-MAffiifeA 



Wmi^TMA; W 

t0¥; wi 


WHTAW 






<80ms aiOOms 

(51) MSS'C.'-® 

M) 

m ^ il^C ® M M ^ N/A 

(41,42) iSW (>ll'^fe-affi) 

M® (II't^:£S4^g) <50ms a 130ms 

(34,35) 

SI'hJPSIsIIMM (It#^:£S <40ms ai30ms 

(54,57) 4^g) 

(^s <20ms a40ms 

(62-64) fLl±lltfn:£Si)itil3t) 




rnmm-, 

T^lff 

'ft; 

Ttt 

«^|ff 

^WM 


7tit^ 

felsajjfiB^; 

m 

Ktg 






a (A) (b) 

j%180^#, (^130S#) = 



a 2 AVC ^^^^EH^aCaortic valve closure); 

AVO j%:ii^i7lcmF$j!;(aortic valve opening) o 










® 3 

M&tl^lll/^ (^65S#)o 







-Mfflil±&S^t0XtMfiM^H]Mia^0J3S, />^ 65 *#o 













3fio 














ffl8 A: MA; B: -C.'«^:£mA#^PIM^fCRT 

’i^frmm'mx^^rm.m-n^. 










®9 a -. MjtA; b: 














®12 fll#^A$iMAi^AM^/1tCRTjs0as?Mgo A: Atif; B: Ais^-Ao 






®13 ±: AVf0]»5l1O«#0^-A»lllitA^'rflA; 

4^: Avf0]fij328o«#; T: AvfB].^23o«# o 

AVf9]»^A23O«#04^AltJF5^^AM^±l4l04:^4£o 




Simplified AV Delay Screening 



Satisfactory AV Delay | 


1. E and A Waves Separated 

2. Termination of A after QRS onset or 

Mitral Closure Click Aligned With End of A 
and QRS Complex. _ 



M), t!iM^#JEimAVfH]?J5o 














ASE EXPERT CONSENSUS STATEMENT 


Echocardiography for Cardiac Resynchronization 
Therapy: Recommendations for Performance and 
Reporting-A Report from the American Society of 
Echocardiography Dyssynchrony Writing Group 
Endorsed by the Heart Rhythnn Society 

John Gorcsan III, MD, Theodore Abraham, MD, Deborah A. Agler, RDMS, Jeroen J. Bax, MD, 
Genevieve Derumeaux, MD, Richard A. Grimm, DO, Randy Martin, MD, 

Jonathan S. Steinberg, MD, Martin St. Jolin Sutton, MD, and Cheuk-Man Yu, MD, 

Pittsburgh and Philadelphia, Pennsylvania; Baltimore, Maryland; Cleveland, Ohio; Leiden, The Netherlands; Lyon, 
France; Atlanta, Georgia; New York, New York; Honjy LConpf, China 


Echocardiography plays an evolving and important role in the care of heart failure patients treated with 
biventricular pacing, or cardiac resynchronization therapy (CRT). Numerous recent published reports have utilized 
echocardiographic techniques to potentially aide In patient selection for CRT prior to implantation and to optimized 
device settings afterwards. However, no ideal approach has yet been found. This consensus report evaluates the 
contemporary applications of echocardiography for CRT including relative strengths and technical limitations of 
several techniques and proposes guidelines regarding current and possible future clinical applications. Principal 
methods advised to qualify abnormalities in regional ventricular activation, known as dyssynchrony, include 
longitudinal velocities by color-coded tissue Doppler and the difference in left ventricular to right ventricular 
ejection using routine pulsed Doppler, or interventricular mechanical delay. Supplemental measures of radial 
dynamics which may be of additive value Include septal-to-posterlor wall delay using M-mode In patients with 
non-ischemic disease with technically high quality data, or using speckle tracking radial strain. A simplified 
post-CRT screening for atrioventricular optimization using Doppler mitral inflow velocities is also proposed. Since 
this is rapidly changing field with new information being added frequently, future modification and refinements in 
approach are anticipated to continue. 

Keywords: Echocardiography, Doppler ultrasound. Congestive Heart Failure, Pacing Therapy 


Echocardiography plays an important role in the care of patients with 
heart failure treated with cardiac resynchronization therapy (CRT). A 
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large number of clinical reports have utilized echocardiography 
before CRT implantation to assess abnormalities of mechanical acti¬ 
vation, known as dyssynchrony, to potentially improve patient selec¬ 
tion or guide lead placement. In addition, echocardiography has been 
advocated to optimize the CRT device settings afterward. The pur¬ 
pose of this consensus report is to evaluate the contemporary state- 
of-the-art applications of echocardiography for CRT and to propose 
guidelines regarding current and potential future clinical applications. 
We acknowledge that this is a relatively young and rapidly changing 
field with new information being discovered continually. Because no 
optimal approach has yet been clearly defined, the strengths and 
limitations of the principal current techniques will be discussed along 
with practical recommendations. 


CLINICAL BENEFITS OF RESYNCHRONIZATION 
THERAPY 


CRT has had a major favorable impact on the care of patients with 
heart failure, left ventricular (LV) systolic dysfunction, and mechani¬ 
cal dyssynchrony, routinely identified by electrocardiography (ECG) 
as abnormal electrical activation. CRT, also referred to as biventricular 
pacing, has been shown in several randomized clinical trials to 
improve heart failure functional class, exercise capacity, and quality of 
life, in addition to reducing hospitalizations and prolonging survival 
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Table 1 Summary of important clinical trials of cardiac resynchronization therapy 



MUSTIC 

PATH-CHF 

MIRACLE 

MIRACLE-ICD 

Inclusion criteria 

NYHA III 

NYHA III, 

NYHA III, IV 

NYHA III, IV 


LVEF < 35% 

IV QRS > 120 ms 

LVEF < 35% 

LVEF < 35% 


EDD > 60 mm 


EDD > 55 mm 

EDD a 55 mm 


6-min walk < 450 m 


QRS a 130 ms 

QRS > 130 ms ICD 


QRS > 150 ms 



indication 

Sample 

58 

40 

453 

369 

End points 

QOL, 6-min walk. 

Acute hemodynamics 

QOL, NYHA class, 

QOL, NYHA class. 


peak VO 2 , HF 

QOL, 6-min walk. 

6-min walk. 

6-min walk 


hospitalization 

HF hospitalization 

composite 


Study design 

Single-blind, 

Single-blind, 

Double-blind, 

Double-blind, 


randomized. 

randomized. 

randomized. 

randomized. 


crossover 

crossover 

parallel- 

controlled 

parallel-controlled 

Treatment arms 

CRT vs no pacing 

CRT vs no pacing 

CRT vs no pacing 

CRT-D vs ICD 

Major findings 

CRT improved all 

CRT improved acute 

CRT improved all 

CRT improved QOL 


end points. 

hemodynamics and 

end points; 

and NYHA class 


reduced 

chronic end points 

reduced HF 

only, and did not 


hospitalization 


hospitalization 

impair ICD 
function 



CONTAK 

COMPANION 

CARE-HF 

Inclusion criteria 

NYHA ll-IV 

NYHA III, IV 

NYHA III, IV 


LVEF < 35% 

LVEF £ 35% 

LVEF £ 35% 


QRS >120 ms ICD indi¬ 

QRS > 120 ms 

QRS >150 ms or QRS = 


cation 


120-150 with dyssyn¬ 
chrony 

Sample 

333 

1520 

819 

End points 

Composite of mortality. 

Primary: all-cause mortality or 

All-cause mortality or 


HF hospitalization and 

hospitalization; secondary: all¬ 

unplanned hospitalization 


VT/VF 

cause mortality 


Study design 

Double-blind, randomized. 

Randomized, parallel-controlled 

Randomized, parallel- 


parallel-controlled 


controlled 

Treatment arms 

CRT-D vs ICD 

CRT vs CRT-D vs no pacing 

CRT vs no pacing 

Major findings 

CRT improved secondary 

CRT and CRT-D improved primary 

CRT improved primary end 


end points; primary end 

end point; CRT-D; reduced 

point and reduced all 


points did not improve 

mortality 

cause mortality 


CRT, Cardiac resynchronization therapy; CRT-D, cardiac resynchronization therapy-defibrillator; EDO, left ventricular end-diastolic diameter; HF, 
heart failure, ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; QOL, quality of 
life score, VF, ventricular fibrillation; VO2, maximal oxygen consumption; VT, ventricular tachycardia. 


(Table 1). Furthermore, CRT is associated with reductions in mitral 
regurgitation (MR) and improvements in LV function.^'®'Currently 
approved recommendations for CRT include patients with severe 
heart failure: New York Heart Association (NYHA) functional class Ill 
or IV, widened QRS greater than or equal to 120 milliseconds, and 
LV ejection fraction (EF) less than or equal to 35%.'® Despite the great 
success of randomized clinical trails, approximately 25% to 35% of 
patients undergoing CRT do not respond favorably. Echocardiographic 
and Doppler imaging techniques have emerged to play a potential role in 
the care of the patient with CRT. Although there are several potential 
reasons for nonresponse to CRT, it has been suggested that the ECC 
widened QRS is a suboptimal marker for dyssynchrony, and that 
echocardiographic quantification of dyssynchrony may potentially play a 
role in improving patient selection for CRT.'^ '"'"'® The PROSPECT 
study (predictors of responders to CRT) was a recent observational 
multicenter study from Europe, the United States, and Hong Kong.'''-'® 
Although final data from this study are not yet available, the preliminary 


findings highlighted the complexity of technical factors that influence 
dyssynchrony analyses and the importance of training and expertise of 
individual laboratories to achieve reliable results. The PROSPECT study 
suggested that there are technical issues related to variability that are not 
yet resolved, and that future work is needed to improve reproducibility 
of dyssynchrony analysis. 


OVERVIEW OF MECHANICAL DYSSYNCHRONY 


Electrical activation in the normal heart typically occurs quickly 
within 40 milliseconds via conduction through the Purkinje network 
and is associated with synchronous regional mechanical contraction. 
A variety of myocardial diseases induce alterations in cardiac struc¬ 
ture and function that result in regions of early and late contraction, 
known as dyssynchrony.'® Although other authors have used the 
term "asynchrony" interchangeably, we will use the term "dyssyn- 









journal of the American Society of Echocardiography 
Volume 21 Number 3 


Gorcsan et al 193 


chrony" in this report to describe this phenomenon. Mechanical 
dyssynchrony is usually associated with a prolonged QRS duration on 
the surface ECG, although it may also exist in a subset of patients with 
heart failure and depressed LV function and narrow QRS by 
EGG.^°'^ ' This report will focus on patients with wide QRS duration, 
because this is the current clinical practice for GRT. 

Three types of cardiac dyssynchrony may occur: intraventricular, 
interventricular, and atrioventricular (AV). Abnormalities of timing of 
regional mechanical LV activation, known as intraventricular dyssyn¬ 
chrony, appear to be the principal factor associated with contractile 
impairment and affected by GRT. Accordingly, many echocardiographic 
Doppler parameters focus on intraventricular dyssynchrony, and we will 
use the term "dyssynchrony" throughout this report when referring to 
"intraventricular dyssynchrony," unless otherwise stated. The classic type 
of dyssynchrony resulting from abnormal electrical activation is seen with 
left bundle branch block. The typical pattern seen with left bundle 
branch block is early activation of the interventricular septum and late 
activation of the posterior and lateral LV walls.The early septal 
contraction occurs before normal ejection when LV pressure is low and 
does not contribute to ejection. This process generates heterogeneous 
stress and strain in the LV, with one wall exerting forces on the 
contralateral wall. Typically early septal contraction causes posterior- 
lateral stretching or thinning, followed by late posterior-lateral contrac¬ 
tion causing septal stretching or thinning.^^ Dyssynchrony results in 
inefficient LV systolic performance, increases in end-systolic volume and 
wall stress, and delayed relaxation that is thought to affect biological 
signaling processes involved in regulating perfusion and gene expres¬ 
sion.^^ Improvements in LV synchrony are associated with LV func¬ 
tional improvements and reduction in 


GENERAL APPROACH TO QUANTIFYING MECHANICAL 
DYSSYNCHRONY 


Because the vast majority of patients with wide QRS appear to have 
mechanical dyssynchrony, an important goal of imaging is to improve 
patient selection for GRT by identifying the subset of patients with 
wide QRS but no mechanical dyssynchrony. The pathophysiologic 
reason for this scenario is unclear, but it appears that patients with 
minimal to no dyssynchrony have a lower probability of response to 
GRT and appear to have a poor prognosis after GRT.‘® There are 
other reasons for not responding to GRT, including ischemic disease 
with too much scar to reverse remodel, subsequent infarction after 
GRT, suboptimal lead placement, and other factors not yet de- 
fined.^"*'^®'®® Accordingly, the absence of dyssynchrony is only one 
factor for nonresponse, but one that potentially can be identified 
prospectively by echocardiographic Doppler methods. 

Results from the PROSPEGT study illustrated that technical factors 
of individual echocardiographic Doppler methods, such as feasibility 
and reproducibility, affect results in a multicenter setting.'^'*® Quan¬ 
tifying mechanical dyssynchrony in a series of patients with heart 
failure is complex, and no single ideal method currently exists. 
However, a practical approach that considers several factors is cur¬ 
rently recommended to assist in determining that a patient has or 
does not have significant dyssynchrony. Ambiguities that may occur 
in analysis using different approaches must be adjudicated on a 
case-by-case basis. A reasonable starting point is to examine the 
routine 2-dimensional (2D) echocardiographic images. Trained ob¬ 
servers can often assess dyssynchrony visually as an early septal 
in-and-out motion described as septal flash or bounce in typical left 
bundle branch block dyssynchrony. Because the presence or absence 


of dyssynchrony may be subtle in many patients with severe heart 
failure, visual assessment should not stand alone and the use of 
quantitative echocardiographic Doppler tools is advocated. 

M-MODE 


The technically simplest approach to quantify LV dyssynchrony is 
with conventional M-mode echocardiography that records septal-to- 
posterior wall-motion delay (Ligure 1, A). 

Step 1: Select either the parasternal long-axis or short-axis views. 

Step 2: Position the M-mode cursor at the midventricular level 
(papillary muscle level). 

Step 3: Set sweep speed to 50 to 100 mm/s. 

Step 4: Identify the time delay from peak inward septal motion to 
peak inward posterior wall. 

Pitzalis et al reported a cut-off value of greater than or equal to 130 
milliseconds as a marker of LV dyssynchrony in a pilot series of 20 
patients principally with nonischemic cardiomyopathy with a sensi¬ 
tivity of 100% and specificity of 63% to predict a greater than or 
equal to 15% decrease in LV end- systolic volume index, and 
improvements in clinical outcome.®"*®® Longer delays in septal to 
posterior wall-motion delay were associated with greater reverse remod¬ 
eling. Measurement of the septal-to-posterior wall-motion delay by 
M-mode may be difficult in many patients because of complex septal 
motion that is both active and passive-wall-motion abnormalities involv¬ 
ing the septum or posterior wall. Marcus et al highlighted these limita¬ 
tions in an analysis of M-mode data from 79 patients in the 
GONTAK-GD trial.®® They found the reproducibility of M-mode mea¬ 
surements to be unsatisfactory, with responders (defined as >15% 
reduction in LV end-systolic volume) having septal-to-posterior wall- 
motion delays similar to nonresponders. The PROSPEGT study also 
identified a high degree of variability in analysis. ' ' ® Therefore, M-mode 
is not advocated to be used in isolation to quantify dyssynchrony, but 
may be considered as supplemental to other approaches, such as tissue 
Doppler (TD). In particular, the utility of M-mode in patients with 
ischemic cardiomyopathy has not been well demonstrated. 

COLOR TD M-MODE 


The addition of color TD M-mode is a useful adjunct to M-mode 
determination of LV dyssynchrony (Ligure 1, B). Ghanges in direction 
are color coded, which may aid in identifying the transition from 
inward to outward motion in the septum and posterior wall. The 
same septal-to-posterior wall-motion delay greater than or equal to 
130 milliseconds is considered to be significant dyssynchrony, al¬ 
though this method is affected by similar limitations with routine 
M-mode as described above. 

LONGITUDINAL TD VELOCITY 


The largest body of literature to quantify dyssynchrony is represented 
by the assessment of longitudinal LV shortening velocities using TD 
from the apical windows.'"*''®®^'"*® This is the principal method 
currently in clinical use, although it has limitations discussed subse¬ 
quently. There are two basic approaches: color-coded or pulsed TD. 

COLOR TD DATA ACQUISITION 


Golor TD data acquisition is simpler and more practical than pulsed 
TD and is the preferred method by consensus of this committee if 
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Figure 1 Routine M-mode (A) at midventricuiar levei and coior-coded tissue Doppler M-mode (B) demonstrating septal to posterior 
wall delay of 180 milliseconds, consistent with significant dyssynchrony (>130 milliseconds). 


high frame rate color TD echocardiographic equipment is available. 
High frame-rate color TD, usually greater than 90 frames/s, is 
available in several major equipment vendors with recent hardware 
and software. Individual variations in color TD between ultrasound 
systems may exist, but these details have not yet been elucidated. 

Step 1: Adjust the ECG to be noise free with a delineated QRS 
waveform. 

Step 2: Optimize 2D imaging to insure maximal apical-to-near 
field left atrial imaging, with overall gain and time gain control settings 
adjusted for clear myocardial definition. 


Step 3: Position the LV cavity in the center of the sector and 
aligned as vertically as possible, to allow for the optimal Doppler 
angle of incidence with LV longitudinal motion. 

Step 4 : Set the depth to include the level of the mitral annulus. 

Step 5: Activate color TD and adjust the sector to include the 
entire LV with a goal of achieving high frame rates (usually >90 
frames/s). Decrease depth and sector width to focus on the LV to 
increase frame rates, as needed. Adjust overall color gain for clear 
delineation of the myocardium. If available, the online color coding of 
time to peak velocity data may be activated. 
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Figure 2 Determination of left ventricular ejection Interval from pulsed Doppler of outflow tract. AVC, Aortic valve closure; AVO, 
aortic valve opening. 


Step 6: Suspend patient breathing. Because low velocity TD data 
are affected by respiratory motion, we recommend that patients be 
instructed to hold their breath transiently if they are able, while a 3 - to 
5-beat digital capture is performed. This is usually at end expiration, 
but may be the phase with the optimal image quality. The number of 
beats captured should be increased if atrial or ventricular premature 
complexes are present. 

Step 7: Record 3 standard imaging planes: apical 4-chamber view, 
apical 2-chamber view, and apical long-axis view. 

Step 8: Determine the LV ejection interval. This is usually done 
using pulsed Doppler from an apical 5-chamber or apical long-axis 
view where the LV outflow tract is seen and velocity recorded 
(Figure 2). 

COLOR TD DATA ANALYSIS 


A major advantage of color DTI is the ability to analyze time-velocity 
data offline. The details for analysis vary by ultrasound vendor, but 
the general steps are similar. 

Step 1: Determine the timing of LV ejection, usually from the 
beginning to the end of pulsed Doppler flow of the LV outflow tract. 
The details vary according to ultrasound system used, but timing 
usually is performed using the ECG as a time marker. The timing of 
beginning ejection to end ejection is then superimposed as the 
ejection interval on the subsequent time-velocity curve analysis. 

Step 2: Size and place regions of interest (a minimum of 5 X 10 
mm to 7 X 15 mm) in the basal and midregion of opposing LV walls 
(4 regions/view) to determine time-velocity plots. 

Step 3: If possible, identify components of velocity curve, as a 
check for physiologic signal quality. These include isovolumic con¬ 
traction velocity (usually <60 milliseconds from the onset of the 
QRS), the systolic wave, or S wave, moving toward the transducer 
and the early diastolic, or E wave, and late diastolic, or A wave, 
moving away from the transducer (Eigures 3 and 4). 

Step 4: Manually adjust the regions of interest within the segment 
both longitudinally and side-to-side within the LV wall to identify the 
site where the peak velocity during ejection is most reproducible. This 
is an important step to search for the most reproducible peak of 


greatest height, in particular where there is more than one peak or 
signal noise. If fine tuning of the region of interest fails to produce a 
single reproducible peak during ejection, the earlier peak is chosen if 
there are two or more peaks of the same height. 

Step 5: Determine time from onset of the QRS complex to the 
peak systolic velocity for each region: 4 segments per view, for each 
of 3 views, for a total of 12 segments. An alternative is to determine 
the difference in the time to peak S wave from opposing walls, as 
described in the opposing wall delay method below. This is simply the 
time from the S wave of one wall to the S wave of the opposing wall 
on the same cineloops, and does not require measuring the onset 
from the QRS. 

Step 6: Average the time to peak values in captured beats to 
improve reproducibility, because beat-to-beat variability may occur. A 
minimum of averaging 3 to 5 beats is recommended, with the 
number of averaged beats increased if beat-to-beat variability is 
encountered, excluding sequences with atrial or ventricular prema¬ 
ture complexes. Analysis of TD data in atrial fibrillation is especially 
complex and problematic, and no data are currently available to 
support dyssynchrony analysis in this scenario. 


POSTSYSTOLIC SHORTENING VELOCITIES 


Some previous studies have included postsystolic shortening (positive 
myocardial velocity after aortic valve closure, which may be greater 
than the ejection peak) in their dyssynchrony analysis.^^ The greatest 
sensitivity and specificity for predicting response to GRT appears to 
be attained when limiting peak longitudinal velocities for dyssyn¬ 
chrony analysis to the interval from aortic valve opening to aortic 
valve closure.^^''*^ Notabartolo et al"*^ measured the maximal differ¬ 
ence in the time to peak systolic velocity including postsystolic 
shortening from the 6 basal segments. An average cut-off value 
greater than 110 milliseconds has a high sensitivity at 97%, but 
decreased specificity at 55% to predict LV reverse remodeling. 
Although the optimal approach has not yet been completely clarified, 
the current weight of evidence favors analysis of peak velocities 
during the ejection interval. 
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Figure 3 Color-coded tissue Doppler study from 3 standard apical views of patient who responded to resynchronization therapy. 
Time-velocity curves from representative basal or midlevels are shown. Maximum opposing wall delay was seen in apical long-axis 
view of 140 milliseconds between septum and posterior wall, consistent with significant dyssynchrony (>65 milliseconds). 
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Figure 4 Color-coded tissue Doppler study from 3 standard apical views of patient who did not respond to resynchronization 
therapy. Time-velocity curves from both basal and midlevels show no significant opposing wall delay less than 65 milliseconds. 
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Figure 5 Tissue Doppler study from 3 standard apical views demonstrating color coding of time to peak velocity data from patient 
with dyssynchrony who responded to resynchronizatlon therapy. Lateral wall (4-chamber view) and posterior wall (apical long-axis 
views) are color-coded yellow-orange. Indicating delay in time to peak velocity. 


CLINICAL STUDIES USING COLOR TD 


The majority of studies have used color-coded TD to assess 
LV dyssynchrony and predict outcome, and it is the con¬ 
sensus of this writing group that this is currently the pre¬ 
ferred approach. The simplest TD approach to identify LV dyssyn¬ 
chrony by color-coded TD uses the basal segments of the apical 
4-chamber view to measure the septal-to-lateral delay, known as the 
two-site method.'^ Subsequently, a 4-segment model was applied 
that included 4 basal segments (septal, lateral, inferior, and anterior). 
An opposing wall delay greater than or equal to 65 milliseconds 
allowed prediction of both clinical response to CRT (defined by an 
improvement in NYHA class and 6-minute walking distance) and 
reverse remodeling (defined as a s 15% reduction in LV end-systolic 
volume).'^ In addition, patients with LV dyssynchrony greater than 
or equal to 65 milliseconds had a favorable prognosis after 
An extension of this opposing wall delay method has included data 
from the 3 standard apical views: 4-chamber, 2-chamber, and long- 
axis. The maximum difference in time-to-peak velocity values among 
the 4 sites from each of the 3 apical views is determined as the 
maximal opposing wall delay. An important feature of this 3-view 
model is that it includes the anterior-septum and posterior walls seen 
in the apical long-axis view, which often has dyssynchrony. Yu et al 
developed a 12-segment 5D model using color TD that also inte¬ 
grates information from the same 3 apical views (4-chamber, 2-cham- 
ber, and long-axis).^The mechanical dyssynchrony index, also 
known as the Yu index, was derived from calculating the 5D of the 
time-to-peak systolic velocity in the ejection phase 12-site standard 
deviation.^ A 12-site standard deviation cut-off value of greater 
than or equal to 33 milliseconds was derived from the healthy 
population to signify mechanical dyssynchrony. To predict LV re¬ 
verse remodeling (defined as a s 15% reduction in LV end-systolic 
volume) in patients with a QR5 duration greater than 150 millisec¬ 
onds, this cut-off value has a sensitivity of 100% and specificity of 
78%. For patients with a borderline prolongation of QR5 duration of 
120 to 150 milliseconds, the sensitivity is 83% and specificity is 
86%."*® An alternate method is to calculate the maximal difference 


in the time to peak systolic velocity among all segments, where a 
cut-off value of greater than or equal to 100 milliseconds predicts 
response to CRT.^' "*^ The PR05PECT study reported that the 
12-site time-to-peak 5D had a lower yield and higher variability 
than more simple approaches, which illustrates its disadvantage as 
a more technically demanding approach.*® 

An extension of TD is automated color coding of time-to-peak 
velocity data. One method is known as tissue synchronization imaging 
(T51) (Figure 5). This technology adds a color-coded overlay onto 2D 
images for a visual identification of regional mechanical delay. Timing 
should focus on the ejection period and exclude early isovolumic 
contraction and late postsystolic shortening. Gorcsan et al used T5I color 
coding to guide placement of regions of interest and assess an antero- 
septal-to-posterior wall delay greater than or equal to 65 milliseconds 
from time-velocity curves to predict acute improvement in stroke vol¬ 
ume after GRT.*^ Yu et al also used T51 in 56 patients and found the 
Ts-5D derived by T51 from 12 LV segments had a highest receiver 
operating characteristic curve area of 0.90. Inclusion of postsystolic 
shortening in the model significantly reduced the receiver operating 
characteristic curve area to 0.69. Furthermore, all of the T51 parameters 
showed a slight, but consistently lower, predictive value than data 
derived directly from the time-velocity curves.®® Thus, it is recom¬ 
mended that myocardial time-velocity curves be examined with adjust¬ 
ment of regions of interest as described above to ensure the accuracy of 
the true peak velocities when T51 is used. 


PULSED TD 


Pulsed TD has been described as a means to assess dyssynchrony 
and is available on most echocardiography systems (Figure 6). 
Briefly, pulsed TD presets must be optimized on the echocardio- 
graphic system as recommended by the individual manufacturers. 
The general approach is as described above in the step-by-step 
color TD data acquisition and analysis sections, with modifications. 
The pulsed sample volume is set to approximately 1-cm length, 
the velocity scale set to maximize the time-velocity curve, and the 
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Figure 6 Pulsed tissue Doppler demonstrating dyssynchrony with delayed time to onset systolic velocity in lateral wall, as 
compared with septum in patient with left bundle branch block before resynchronization therapy. 


20 ms 

Septum 


55 ms 

Lateral Wall 


sweep speed set to 50 to 100 mm/s. Unlike offline color TD data 
analysis, the step where the sample volume is moved within the 
segment to search for a reproducible time-velocity signal must be 
done online. This is a major disadvantage of pulsed TD because it 
is time-consuming and susceptible to influences of breathing, 
patient movement, and alterations in heart rate. In addition, the 
timing of the ejection interval must be transferred manually. 
Furthermore, the peak velocity may be difficult to identify because 
of a broad spectral display with a plateau during systole. Because 
of these technical limitations, color-coded TD is the approach 
preferred by this writing group. Currently, clinical studies of pulsed 
TD to predict response to CRT are less numerous than those using 
color TD. Penicka et al used pulsed wave TD to measure the time 
of onset of the systolic signal of basal segments from the apical 
4-chamber and long-axis views and the lateral right ventricular 
(RV) wall.^' Using a composite index of interventricular and 
intraventricular dyssynchrony longer than 100 milliseconds, they 
achieved 88% accuracy in identifying all but 6 patients who 
responded to CRT. 


TD LONGITUDINAL STRAIN, STRAIN RATE, 
AND DISPLACEMENT 


Strain and strain rate imaging have the theoretic advantage of differenti¬ 
ating active myocardial contraction or deformation from passive transla¬ 
tional movement and have been utilized to identify dyssyn- 
chrony.'*®'^^'®^ Longitudinal strain is calculated linearly from TD velocity 
data as percent shortening (Figure 7). However, TD longitudinal strain 
can be technically challenging because strain is calculated along scan 
lines, is Doppler angle dependent, and is difficult in patients with 
spherical LV geometry, often encountered in severe heart failure. Com¬ 
paring myocardial velocities and strain rate, Breithardt et al found an 
association between regional myocardial motion (expressed by velocity 
parameters) and deformation (expressed by strain rate imaging parame¬ 
ters).^^ They concluded that the degree of dyssynchrony was not 
completely represented by the timing of myocardial velocity, particularly 
in ischemic heart disease, and that the timing of deformation should be 
the preferred modality. Sogaard et al found that the extent of delayed 
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Figure 7 Doppler tissue images demonstrating longitudinal strain in healthy synchronous patient (A) and in patient with left bundle 
branch block before (B) resynchronization therapy. 


longitudinal contraction at the base predicted improvement in EF after 
CRT 41,42 However, Yu et al demonstrated that parameters of strain rate 
imaging are not useful to predict reverse remodeling response.^^'"*"*'^^ 
Currently, TD strain rate is restricted by a poor signal-to-noise ratio, 
which adversely affects reproducibility. On the other hand, improve¬ 
ments in strain analysis, including software developments such as strain 
determined by speckle tracking of routine gray-scale images, are prom¬ 
ising as useful markers of systolic dyssynchrony.^"* 

Displacement imaging uses TD data to calculate the distance of 
myocardial movement, and is typically color coded and overlaid onto 
2D images. The signal-to-noise ratio is more favorable than strain or 


strain rate imaging, but displacement is also affected by passive 
motion, and the Doppler angle of incidence. Improvements in dis¬ 
placement or tissue tracking have been described after CRT, how¬ 
ever, cut-off values for predicting response and clinical outcomes after 
CRT have not yet been established."*^ 


RADIAL STRAIN 


Because radial thickening is a major vector of LV contraction, and 
short-axis dynamics are important markers of dyssynchrony,^^ it is 
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Figure 8 Speckle-tracking images demonstrating synchrony of peak segmental radial strain in healthy individual (A) and severe 
dyssynchrony in patient with heart failure and left bundle branch block {LBBB) referred for resynchronization therapy (B). 


reasonable to utilize this information in a comprehensive examina¬ 
tion. Strain has an advantage over M-mode of differentiating active 
from passive motion and identifying radial mechanical activation.^® 
Dohi et al first used TD strain to quantify radial mechanical dyssyn¬ 
chrony in 38 patients who underwent CRT.^^ Radial strain was 
calculated from TD velocity data from the anteroseptum and poste¬ 
rior wall in the mid LV short-axis view.^® Disadvantages of TD radial 
strain included signal noise without adequate image quality and the 
effect of the Doppler angle of incidence. 


A more recent approach is application of a speckle-tracking pro¬ 
gram that is applied to routine gray-scale echocardiographic images, 
which is not limited by Doppler angle of incidence. Suffoletto et al 
studied 64 patients undergoing CRT.^^ Speckle tracking applied to 
routine midventricular short-axis images determines radial strain from 
multiple points averaged to 6 standard segments (Figure 8). Baseline 
speckle-tracking radial dyssynchrony (defined as a time difference in 
peak septal to posterior wall strain >130 milliseconds) predicted a 
significant increase in LV EF, with 89% sensitivity and 83% specific- 
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ity, in 50 patients followed up for 8 ± 5 months after CRT. An 
interesting subset of patients who did not have dyssynchrony by 
longitudinal TD velocities had a favorable response to CRT predicted 
by speckle-tracking radial dyssynchrony. These data suggest the 
additive value of assessing dyssynchrony from short-axis planes in 
addition to long-axis planes. A recent study of 176 patients combined 
longitudinal DTI velocity data with radial speckle-tracking strain data 
and found patients who had both positive longitudinal and radial 
dyssynchrony patterns had a high incidence of improvement in EF 
after CRT,^® whereas patients with neither longitudinal nor radial 
dyssynchrony had a low incidence of EF improvement. Patients 
with heterogeneous patterns of dyssynchrony had intermediate 
responses. These data suggest that combining dyssynchrony data 
may be of additive value. 

THREE-DIMENSIONAL ECHOCARDIOGRAPHY 


LV dyssynchrony in reality is a 3-dimensional phenomenon. Three- 
dimensional echocardiography provides a unique and powerful tool 
for the evaluation of LV dyssynchrony.®® The advantage of real-time 
3-dimensional echocardiography is that it allows for a comparison of 
synchrony between of the segments of the LV together in the same 
cardiac cycle (Figure 9). Regional wall-motion patterns can be visual¬ 
ized and quantified after segmentation of the LV chamber with 
semiautomatic contour tracing algorithms. Preliminary reports sug¬ 
gest that this approach enables a comprehensive analysis of LV wall 
motion before and during CRT with a direct comparison of endocar¬ 
dial wall motion between all LV segments. Kapetanakis et al calcu¬ 
lated a systolic dyssynchrony index from the dispersion of time to 
minimum regional volume for all 16 LV segments and found this to 
be predictive of reverse remodeling after CRT in 26 patients.®' This 
approach has the potential for a more comprehensive analysis of LV 
dyssynchrony.®^ However, disadvantages include lower spatial and 
temporal resolution, with frame rates for 3-dimensional wide-sector 
image acquisition at approximately 20 to 30 frames/s. 

INTERVENTRICULAR DYSSYNCHRONY 


Interventricular dyssynchrony, principally assessed as the interventric¬ 
ular mechanical delay (IVMD), is defined as the time difference 
between RV to LV ejection. This is determined as the time from the 
onset of the QRS to the onset of LV ejection versus RV ejection, 
usually measured as the onset of pulsed Doppler flow velocities in the 
LV and RV outflow tracts, respectively (Figure 10).®^'®® IVMD has 
been identified as a predictor of worsening symptom status and 
cardiac mortality in patients with heart failure, and has been shown to 
be of prognostic value in patients with CRT (usually >40-50 milli¬ 
seconds).®® Although IVMD is simple, reproducible, and possible 
with routine equipment, ‘ ® it appears to be a nonspecific predictor of 
response to CRT. Bax et al demonstrated that IVMD was similar in 59 
responders and 21 nonresponders to CRT: 47 ± 34 vs 49 ± 29 
milliseconds, respectively {P = not significant). ' ® Achilli et al reported 
results of the SCART study of 133 patients, where a positive response 
to CRT was predicted by IVMD longer than 44 milliseconds with a 
sensitivity of 66% and a specificity of 55%.®® Richardson et al also 
showed that an IVMD longer than 50 milliseconds added prognostic 
information to patients undergoing CRT as part of the CARE-HF trial 
analysis.®® The PROSPECT trial recently demonstrated that IVMD 
and other simple pulsed Doppler measures of dyssynchrony, such as 
the pre-ejection delay and the LV filling time to cardiac cycle length 


ratio, had the advantage of a high yield and high reproducibility in a 
multicenter setting. ' ® However, most evidence suggests that interven¬ 
tricular dyssynchrony is not as useful in the prediction of response to 
CRT as LV intraventricular dyssynchrony, when a technically ade¬ 
quate study is possible. Comparisons of current principal measures of 
dyssynchrony appear in Table 2. 

OTHER APPROACHES TO ASSESS DYSSYNCHRONY 

Breithardt et al reported phase analysis using a semiautomatic 
method for endocardial border delineation.®® The degree of LV 
dyssynchrony was quantified in 2D echocardiographic sequences 
from the apical 4-chamber view, focusing on the septal-lateral rela¬ 
tionships. Computer-generated regional wall movement curves were 
compared by a mathematic phase analysis, based on Fourier trans¬ 
formation. The resulting septal-lateral phase angle difference is a 
quantitative measure for intraventricular dyssynchrony. Another 
method to determine dyssynchrony using conventional 2D echocar¬ 
diography is velocity vector imaging. This method uses a series of 
unique B-mode pixel tracking algorithms to calculate regional myo¬ 
cardial velocities toward an operator-selected point of reference 
(Figure 11). A pilot study by Cannesson et al examined 23 patients 
with heart failure undergoing CRT using digital cineloops from 
standard apical views, with the user tracing the mid-LV wall from a 
single frame.®"" Dyssynchrony, defined as the greatest opposing wall 
peak longitudinal systolic velocity delay among the 3 views greater 
than or equal to 75 milliseconds, predicted EF response with 85% 
sensitivity and 80% specificity when patients were followed 8 ± 5 
months after CRT. 

EFFECTS ON LV REVERSE REMODELING AND MR 

LV remodeling is a dynamic process characterized by progressive 
chamber dilatation, distortion of cavity shape, dismption of the mitral 
valve geometry with MR, and deterioration in contractile function 
that culminates in heart failure.®®'®® LV remodeling may be triggered 
by pressure or volume overload or loss of contracting myocytes from 
ischemic injury, or may be genetically programmed.""® Although 
precise mechanisms and intracellular signaling pathways for LV 
remodeling are unknown, neurohormones and local trophic factors 
modulate the dynamic balance between distending forces that favor 
dilatation and the restraining forces imposed by the extracellular 
collagen matrix that may affect gene expression of myocyte func¬ 
tion.^® CRT often results in reverse remodeling where LV size and 
function progressively improve over time. This is a CRT-dependent, 
dynamic process where subsequent cessation of CRT results in 
progressive deterioration in LV function toward baseline values. ''' 
The extent of LV reverse remodeling varied according to cause of 
heart failure in the MIRACLE and other trials. Reduction in volume 
and severity of MR and the increase in EF were consistently 2- to 
3-fold greater in nonischemic patients than in patients with isch¬ 
emic heart failure in spite of significantly larger baseline volumes 
and lower EFs.®® In an important study of 141 patients who 
received CRT, those who decreased LV end-systolic volume by at 
least 10% at 3 to 6 months had a more favorable long-term clinical 
outcome, including lower all-cause mortality (7% vs 3 1 %), cardio¬ 
vascular mortality (2% vs 24%), and heart failure events (12% vs 
330/0; all P < .005).®®'^' 

CRT can reduce MR by improved temporal coordination of 
mechanical activation of the papillary muscles acutely and later 
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Figure 9 Three-dimensional echocardiographic assessment of segmental volume displacement In patient with normal synchrony 
(A) and with significant dyssynchrony (B). 
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Figure 10 Pulsed Doppler from right ventricular outflow tract and left ventricular (LV) outflow tract demonstrating significant delay 
in LV ejection (>40 milliseconds). 


improvements in LV size and geometry from reverse remodeling^® 
(Figure 12). Breithardt et al used the proximal isovelocity surface area 
method during both pacing-off and CRT in the first week after CRT 
to report a significantly reduced regurgitant volume from 32 ± 19 to 
19 ± 9 mL, and effective regurgitant orifice area from 25 ± 19 to 
13 ± 8 mm^, with CRT.® An important factor for acute reduction of 
MR after CRT appears to be improvement in the coordination of 
papillary muscle forces on the mitral chordae that increase the area of 
mitral leaflet coaptation. Kanzaki et al associated reductions in MR 
after CRT with acute improvements in the timing of mechanical 
activation of the papillary muscle sites, using mechanical strain acti¬ 
vation mapping.^® 

PACING LEAD PLACEMENT 


Several studies have suggested a potential role for echocardiographic 
Doppler methods to direct LV lead placement through identification 
of the anatomic site of latest mechanical activation. Ansalone et al 
were among the first to show that LV lead placement concordant 
with the site of latest velocity activation by TD was associated with a 
more favorable response to CRT.®° They observed that the inferior or 
posterolateral wall was the location of latest mechanical activation in 
75% of cases. Murphy et al demonstrated that the color-coded 
time-to-peak velocities approach described above could identify the 


site of latest systolic velocity and that lead placement at this site was 
associated with the greatest clinical and hemodynamic benefit of 
CRT.^^ There was a graduated response, such that LV pacing at a site 
one segment away from maximal delay was associated with a modest 
but more limited benefit, and patients paced at greater than one 
segment remote from the area of maximal delay had no significant 
reverse remodeling after a mean follow-up of more than 6 months. 
Suffoletto et al®"* utilized 2D speckle tracking to analyze LV radial 
strain to identify the site of latest mechanical activation before CRT 
and also observed that the patients with concordant LV lead place¬ 
ment had more favorable reverse remodeling. They found that 22 
patients who had LV lead placement concordant with the site of 
latest activation had slightly greater improvements in LV EF (10 ± 
5%), as compared with 24 patients who had discordant lead position 
(6 ± 5%; P < .05). Although these studies are encouraging, prospec¬ 
tive studies will be needed to determine definitively the role of 
echocardiography in guiding LV lead placement. 

RATIONALE FOR AV DELAY OPTIMIZATION 


Because the ventricles are paced in CRT, the AV delay needs to be 
programmed. The optimal programmed AV delay for an electronic 
pacemaker has been defined as the AV delay that allows completion 
of the atrial contribution to diastolic filling resulting in most favorable 





loumal of the American Society of Echocardiography 
Volume 21 Number 3 


Gorcsan et al 205 


Table 2 Principal dyssynchrony indices associated with response to cardiac resynchronization therapy 


Index 

Method 

Normal 

Cutoff 

Advantages 

Disadvantages 

Intraventricular longitudinal 
dyssynchrony 

Opposing wall delay, two 
sites^^’''^’^® 

Color tissue Doppler 
peak velocity 
(apical 4-chamber 
or long-axis views) 

<50 ms 

>65 ms 

Rapidly applied; offline 
analysis is possible 

Requires color TD equipment; 
affected by passive motion 
tethering 

Maximum wall delay, 12 

Color tissue Doppler 
peak velocity 
(apical 4-chamber, 
2-chamber, and 
long-axis views) 

<90 ms 

>100 ms 

More complete 
detection of 
longitudinal 
dyssynchrony; offline 
analysis is possible 

Requires color TD equipment; 
affected by passive motion 
tethering 

Yu index'’-*'®^'^® 

Color tissue Doppler, 
12-segment SD 
(apical 4-chamber, 
2-chamber, and 
long-axis views) 

<30 ms 

>33 ms 

More complete 
detection of 
longitudinal 
dyssynchrony; offline 
analysis is possible 

Requires color TD equipment; 
more time-consuming; 
affected by passive motion 
tethering 

Delay in onset of systolic 
velocity®^ 

Pulsed tissue Doppler 
(apical 4-chamber, 
2-chamber, and 
long-axis views; LV 
and RV) 

<80 ms 

>100 ms 

More widely available 

Acquisition technically 
difficult; offline analysis is 
not possible; affected by 
passive motion tethering 

Delayed longitudinal 
contraction"'^'"'® 

Color tissue Doppler- 
strain-strain rate 
(apical views) 

None 

N/A 

Less affected by passive 
motion or tethering; 
offline analysis is 
possible 

Requires specialized color TD 
equipment; technically 
demanding 

Intraventricular radial 
dyssynchrony 

Septal to posterior wall 
delay®"'®® 

M-mode (parasternal 
mid-LV view) 

<50 ms 

>130 ms 

Widely available; rapidly 
applied; no advanced 
technical requirements 

Largely affected by passive 
motion or tethering; 
difficulties with segmental 
akinesis 

Septal to posterior wall 
delay®"'®'’ 

Radial strain 
(parasternal mid-LV 
view) 

<40 ms 

>130 ms 

Less affected by passive 
motion or tethering; 
speckle tracking may 
be applied to routine 
images 

Requires specialized 
instrumentation for 
analysis; assesses only 
radial dynamics 

Interventricular dyssynchrony 

Interventricular mechanical 
delay®®"®"' 

Routine pulsed 

Doppler (RVCT and 
LVCT views) 

<20 ms 

>40 ms 

Widely available; no 
advanced technical 
requirements; highly 
reproducible 

Nonspecific; affected by LV 
and RV function 


LV, Left ventricular; N/A, not applicable; OT, outflow tract; RV, right ventricular; TD, tissue Doppler. 


preload before ventricular contraction.^^ An AV delay programmed 
too short will result in absence or intermption of the atrial component 
(mitral A wave) by the premature ventricular contraction and closure 
of the mitral valve. An AV delay programmed too long can result in 
suboptimal LV preload or diastolic MR, or may even allow native LV 
conduction, which defeats the purpose of CRT. 

Although the importance of AV synchrony is unquestioned, the 
need for routine echocardiographic Doppler AV timing optimization 
in all patients with CRT is controversial because an ideal approach has 
not yet been defined and there are often logistic challenges coordi¬ 
nating the echocardiography laboratory with electrophysiology tech¬ 
nical staff for device programming. Auricchio et al concluded that 
although AV delay often positively impacts hemodynamics, LV 
resynchronization of intraventricular dyssynchrony is more impor¬ 
tant.^^ Many centers currently use empiric out-of-the-box AV delay 
device settings of approximately 100 to 130 milliseconds for CRT. 
Other centers rely on AV delay optimization algorithms based on 


ECC data to approximate the optimal AV delay optimal as [PR (ms) X 
0.50], if QRS > 150 ms or [PR (ms) X 0.70], if QRS < 150 ms.^^ 
Sawhney et al recently conducted a prospective randomized trial of 
40 patients comparing aortic Doppler optimized AV intervals to a 
fixed AV interval of 120 milliseconds after CRT.^® AV optimized 
patients exhibited improved NYHA class and quality of life, but no 
significant improvement in 6-minute walk distance or EF at 3 months 
postimplant. A larger report of 215 patients undergoing Doppler- 
guided AV optimization found small differences between the base¬ 
line and post-AV optimization average AV delay (120 vs 135 milli¬ 
seconds, respectively).^^ Furthermore, AV optimization enhanced 
LV hemodynamics in only a minority of patients with CRT, suggest¬ 
ing that a significant percentage of patients do not need to undergo 
formal AV optimization. Patients with intra-atrial conduction delay at 
baseline appeared to benefit greatest by prolonging the AV delays 
(150-250 milliseconds) during AV optimization (Figure 13).^^ These 
patients were identified by complete loss of the mitral inflow A wave 
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Figure 11 Velocity vector images demonstrating synchrony of velocity convergence toward center of left ventricle in healthy 
individual (A) and severe septal-lateral wall dyssynchrony in patient with heart failure and left bundle branch block (LBBB) referred 
for resynchronization therapy (B). 


with an empiric setting that was too short. Although a recommenda¬ 
tion for routine care has not been established, the following section 
provides guidelines for AV optimization after CRT. 

RITTER AND ITERATIVE METHODS FOR AV DELAY 
OPTIMIZATION 


Pulsed Doppler interrogation of mitral inflow to assess LV filling, and 
either pulsed Doppler or continuous wave Doppler sampling of the 


LV outflow tract to assess LV ejection, are utilized for the Ritter and 
iterative AV optimization protocols.^®'^® The method of Ritter et al 
attempted to optimally synchronize the termination of atrial contrac¬ 
tion with the onset of ventricular systole.^® This method requires 
programming the AV delay to a short (50 milliseconds) and then a 
long (200 or 250 milliseconds) interval while testing their impact on 
end-diastolic filling. The AV delay is then determined by correcting 
the long AV delay by the time shift from short and long Doppler 
tracings. The iterative method is simpler and begins by programming 
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Figure 12 Parasternal long-axis view demonstrating reduction in mitral regurgitation in patient from before (A) to day after (B) 
resynchronization therapy. 


the CRT device in atrial synchronous V pacing mode testing a series 
of AV intervals sequentially. This usually begins with an AV delay of 
200 milliseconds, then decreases in increments of 20-millisecond 
intervals to a minimum AV delay as short as 60 milliseconds. The 
minimal AV delay that allows for adequate E and A wave separation 
and termination of the A wave at approximately 40 to 60 millisec¬ 
onds before the onset of the QRS would be considered the optimal 
AV delay, and usually corresponds with a stage 1 diastolic filling 
pattern.®® Technical features include positioning the pulsed wave 
sample volume deeper toward the left atrium (as opposed to the 
standard position at the mitral leaflet tips) to optimize detection of the 
mitral valve closure click, preparing settings of high sweep speeds and 
low filters, and inputting the ECG signal from the device directly to 
the ultrasound system, if possible. A variation on the iterative method 
for AV optimization uses transaortic Doppler velocities as a surrogate 
for stroke volume. The optimal sensed and paced AV delay is 
determined by the maximum aortic time-velocity integral value at 6 
selected paced and sensed AV delays. A typical protocol will include 
measurements at AV delays of 60, 80, 100, 120, 140, and 160 
milliseconds, with each paced and sensed AV delay setting separated 
by a rest period of at least 10 to 15 beats. 

SIMPLIFIED DOPPLER SCREENING FOR AV 
OPTIMIZATION 


A simplified Doppler screening protocol after CRT implan¬ 
tation is proposed using pulsed Doppler mitral inflow, 
because no consensus currently exists for the routine per¬ 
formance of AV optimization after CRT^^ ®' (Figure 14). 

Step 1: Optimize the EGG signal, including inverting the QRS 
complex if necessary. 

Step 2: Optimize pulsed Doppler mitral inflow velocity using high 
sweep speeds, low filters, and the sample volume set at mitral annular 
level to determine closure clicks. 


Step 3: Examine mitral inflow pattern. No AV optimization pro¬ 
tocol is required if: 

a. E and A waves are clearly identified and separated. 

b. Termination of the A wave occurs at least 40 milliseconds before QRS 
onset or mitral valve closure click. 

Note that the mitral valve closure click should be aligned with the 
QRS complex as a surrogate for the beginning of LV systole. A 
pattern consistent with stage 1 diastolic filling (E wave lower than A 
wave) has not been shown to be improved on by AV alterations after 
GRT, and it is suggested by Kedia et al that formal AV optimization is 
not required in these patients.^^ AV optimization is recommended if 
any of the following are observed: A wave is not identified, E and A 
waves are merged, or A wave is truncated by mitral closure. AV 
optimization should be considered if stage II (pseudonormal) or stage 
III (restrictive) diastolic dysfunction is noted.^^'®° An absent A wave 
may be associated with intra-atrial conduction delay and often re¬ 
quires a longer AV pacing delay. On the other hand, E and A waves 
merge when the AV pacing delay is set too long. A truncated A wave 
requires lengthening of the AV delay. For these scenarios, either the 
iterative or Ritter methods described in detail above may be per¬ 
formed depending on the preference. Patients in atrial fibrillation or 
with frequent ventricular ectopy or tachycardia would not be appro¬ 
priate candidates for AV optimization. Patients with mitral prosthetic 
valves may also be problematic. 


BIVENTRICULAR (V-V) OPTIMIZATION 


The recent generation of GRT devices allows for optimization of 
interventricular delays (V-V delays).®^'®® The first evidence of benefit 
from V-V optimization was reported by Sogaard et al.®^ The GRT 
settings were further optimized by V-V timing in 20 patients, resulting 
in an additional increase in LV EE (from 22 ± 6% at baseline to 30 ± 
5% after GRT to 34 ± 6% after V-V optimization, P < .01). In 
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Figure 13 Atrioventricular optimization using mitral inflow velocities in patient with intra-atrial conduction delay. Default setting of 
110 milliseconds resulted in loss of mitral inflow A wave (top). Delays of 280 milliseconds {middle) and 230 milliseconds (bottom) 
improved filling with contribution of atrial component. Alignment of mitral closure click with end of A wave was believed to be 
optimal with 230-millisecond delay. 
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Simplified AV Delay Screening 



Satisfactory AV Delay 

1. E and A Waves Separated 

2. Termination of A after QRS onset or 
Mitral Closure Click Aligned With End of A 
and QRS Complex. 



Absent A Wave 

A V Much Too Short 


Truncated A Wave 

AV Too Short 


Merged E and A 
AV Too Long 


AV Optimization 


Figure 14 Simplified atrioventricular (AV) delay screening using mitral inflow/ Doppler velocities. Sample volume is placed within 
mitral valve to see closure click. AV optimization may not be necessary if E and A waves are separated, and termination of A wave 
is before QRS onset or mitral closure click aligned with end of A and QRS complex (usually type I diastolic dysfunction with E lower 
than A) (top). AV optimization is indicated if A wave is truncated, E and A waves are merged, or A wave is absent (bottom). 
Qptimization may be considered if stage II (pseudonormal) or stage III (restrictive) diastolic filling patterns are present. 
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addition, Bordachar et al demonstrated that V-V optimization re¬ 
sulted in a significant reduction in MR.®®'®® V-V optimization is 
generally performed by changing the V-V sequence, starting with the 
LV being activated before the RV, and then stepwise lengthening or 
shortening of the V-V interval (eg, with intervals of 20 milliseconds) 
and measuring the highest aortic time-velocity integral. Current 
studies have shown that subsets of patients do acutely benefit from 
V-V optimization, but long-term benefit has yet to be determined. 


DYSSYNCHRONY IN THE NARROW QRS PATIENT 
POPULATION 


Mechanical dyssynchrony may exist in a subset of patients with 
heart failure who have narrow QRS duration (< 120 milliseconds). 
If CRT can be shown to be of benefit to these patients, the 
application of echocardiographic assessment of dyssynchrony 
is potentially of great importance for patient selection for 
therapy.Bleeker et al showed CRT to benefit 33 patients 
with NYHA class III/VI heart failure and EF less than or equal to 
35%, but QRS less than 120 milliseconds, who had mechanical 
dyssynchrony defined as a septal-to-lateral wall time-to-peak sys¬ 
tolic velocity delay of greater than or equal to 65 milliseconds by 
TD.®° In a separate study, Yu et al reported results on 51 patients 
with heart failure with narrow QRS (< 120 milliseconds) who had 
CRT based on TD measures of dyssynchrony. CRT resulted in 
significant reductions of LV end-systolic volume, and improve¬ 
ment of NYHA class, 6-minute hall-walk distance, and EF, similar 
to patients with wide QRS who underwent CRT.®‘ The first 
randomized trial of CRT in patients with heart failure with narrow 
QRS complexes (<130 milliseconds), known as the RethinQtrial, 
was recently published by Beshai et al.®^ Dyssynchrony was 
defined as a TD septal-to-lateral wall cutoff of greater than or 
equal to 65 milliseconds from either apical 4-chamber views or 
apical long-axis views, or M-mode septal to posterior wall delay 
greater than or equal to 130 milliseconds. All patients who met 
inclusion criteria (96% by TD) had CRT devices implanted, and 
172 were randomized to either CRT-off as a control or CRT-on. 
This trial failed to show a therapeutic effect of CRT on the primary 
end point of peak myocardial oxygen consumption. Although a 
positive effect of CRT was observed on the secondary end point of 
improvement in NYHA functional class, other parameters includ¬ 
ing quality-of-life score, 6-minute walk test, and LV reverse remod¬ 
eling did not change. Benefit of CRT on 6-minute walk distance, 
however, was demonstrated in patients with nonischemic disease. 
A prespecified subgroup analysis of patients with borderline QRS 
duration between 120 and 130 milliseconds and dyssynchrony 
showed benefit of CRT by significantly improving their peak 
myocardial oxygen consumption and NYHA functional class.®^ In 
summary, the RethinQ randomized trial concluded as mostly 
negative, however, many unanswered questions remain. It is 
unclear whether the type or degree of dyssynchrony may be 
refined in this narrow QRS population to predict response to CRT, 
or whether other patient selection factors may impact results. 
Clearly, future larger randomized clinical trials are required to 
determine the role of CRT in patients with narrow QRS, and the 
potential pivotal role that echocardiographic Doppler will play in 
their selection for therapy. 


APPLICATION OF DYSSYNCHRONY ANALYSIS IN 
CLINICAL PRACTICE AND REPORTING 


Although a number of echocardiographic dyssynchrony methods 
discussed have suggested superiority to ECC QRS width for predict¬ 
ing response to CRT, evidence from large-scale clinical trials and 
current practice guidelines do not include an echocardiographic 
Doppler dyssynchrony study for patient selection.'® Accordingly, 
this writing group currently does not recommend that 
patients who meet accepted criteria for CRT should have 
therapy withheld because of results of an echocardio¬ 
graphic Doppler dyssynchrony study.'® 

We acknowledge that many centers are currently applying these 
analyses as an adjunct to assist with clinical decision making for CRT 
for selected patients who may have borderline inclusion criteria, such 
as a borderline QRS duration. Although limited data are available 
from clinical trials, enrollment in the CARE-HF randomized CRT trial 
required patients with borderline QRS duration between 120 and 
149 milliseconds to meet two of 3 additional criteria for dyssyn¬ 
chrony: an aortic pre-ejection delay longer than 140 milliseconds, an 
IVMD longer than 40 milliseconds, or delayed activation of the 
posterolateral LV wall.® In addition, the subgroup analysis of patients 
with QRS 120 to 129 milliseconds and evidence of mechanical 
dyssynchrony in RethinQ demonstrated benefit from CRT.®^ Other 
possible clinical settings where dyssynchrony analysis may potentially 
play a role is in patients with borderline EF or ambiguous clinical 
histories for NYHA functional class. If there is a clinical request for a 
dyssynchrony echocardiogram for these or other scenarios, it is the 
consensus of this group that it is reasonable for the following dyssyn¬ 
chrony measures to be performed and reported. 

TD Opposing Wall Delay (the Maximum Time from S Wave 
Peak of One Wall to the S Wave Peak of the Opposing Wall) 
in Apical 4-chamber or Apical Long-axis Vie\ws 
A cutoff of greater than or equal to 65 milliseconds is consistent with 
significant dyssynchrony, or Yu index (12-site SD) using longitudinal 
TD velocities from 3 standard apical views. A cutoff of greater than or 
equal to 33 milliseconds is consistent with significant dyssynchrony. 

IVMD Using Pulsed Doppler from RV Outflow Tracts and LV 
Outflow Tracts 

A cutoff of greater than or equal to 40 milliseconds is consistent with 
significant dyssynchrony. 

Radial Dynamics, Which May be Additive Value, Include 
Septal-to-Posterior Wall Delay Using M-Mode in Patients 
With Non-lschemic Disease With Technically High Quality 
Data, Or Using Speckle Tracking Radial Strain 
A cutoff of greater than or equal to 130 milliseconds is consistent 
with significant dyssynchrony. 

Other indices that appear in Table 2 may be included, if desired by 
individual laboratories. A conservative approach to carefully exclude 
mechanical dyssynchrony is advised, because an optimal approach 
has not yet been clearly defined. Agreement with more than one of 
these measures improves the confidence in the dyssynchrony analy¬ 
sis,®® although a precise scheme to their collective additive value is 
currently unknown. We advise that the dyssynchrony report¬ 
ing should not include a recommendation whether a pa¬ 
tient should undergo CRT, as this should be a clinical 
decision on a case-by-case basis for these borderline or 




journal of the American Society of Echocardiography 
Volume 21 Number 3 


Gorcsan et al 21 


challenging cases. Many other methods described in this report are 
promising, but may currently be too technically challenging or under¬ 
developed. 

Echocardiography plays an exciting and evolving role in the care of 
the patient with CRT, from quantifying improvements in ventricular 
function and MR to optimizing the device after implantation. Al¬ 
though a great deal of work has been done to quantify mechanical 
dyssynchrony in hopes of refining patient selection and guiding lead 
placement, this is a complex and challenging field with future work 
needed and several promising studies ongoing. Technologic improve¬ 
ments in echocardiographic data acquisition and analysis as well as 
advances in our understanding of the pathophysiology of dyssyn¬ 
chrony and CRT have great potential to impact future clinical practice 
and improve patient outcome. 

The Dyssynchrony Writing Croup is indebted to Ashley Prather 
and the American Society of Echocardiography staff for administra¬ 
tive and organizational assistance. 
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